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Supplementary Figure 1. XAS spectra of LPSCl at P K-edge (a) and S K-edge (b) before and 

after cycling in LCO/In-Li and BTO-LCO/In-Li all-solid-state cells. No change of XAS spectra at 

P K-edge and S K-edge after 100 cycles demonstrates a high interface stability of LPSCl SE with 

high voltage LCO cathode during cycling. Moreover, such high interface stability is not 

compromised even after coated with BTO nanocrystals. 
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Supplementary Figure 2. Typical superficial (a−c) and cross-sectional (d−f) SEM images of the 

LCO/LPSCl interface and corresponding mappings of Co and S elements, demonstrating the good 

interface contact.  
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Supplementary Figure 3. HAADF-STEM image illustrating the configuration of the in-situ 

solid-state battery. 

 

 

 

 

 

 

 



5 

 

 

Supplementary Figure 4. Schematic illustration of coating amorphous Al2O3 on the LCO/LPSCl 

interface by the atomic layer deposition (ALD) technique. To weaken the electronic damage on 

LPSCl during the STEM measurement, the LCO/LPSCl interface prepared by focused ion beam 

(FIB) milling is protected by amorphous Al2O3 nano layer in advance. The amorphous Al2O3 nano 

layer on the LCO/LPSCl interface is prepared by the ALD technique. Moreover, another benefit of 

using the ALD amorphous Al2O3 nano layer is to suppress the electric-leaking fields outside the 

sample.1-3 
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Supplementary Figure 5. Schematic illustration of the operational principle for DPC-STEM. In 

the absence of an external electric field, the electron beam does not deflect, so that the intensities 

collected by the four probes are the same. By contrast, the external electric field will cause an 

additional deflection of the electron beam, and the signals collected by the four probes are 

different. Based on the relationship between the DPC and the external electric field, the magnitude 

and direction of the external electric field can be obtained from the DPC result. Furthermore, the 

charge density can be obtained by differentiating the external electric field. Therefore, we can 

obtain the charge-density distribution by the result of the DPC.  
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Supplementary Figure 6. In-situ DPC-STEM observations of net electric field distribution 

(subtracting the corresponding result without bias voltage) at the LCO/LPSCl interface with the 

bias voltage of 1.0 V (a), 1.2 V (b), 1.4 V (c), 1.6 V (d), 2.0 V (e) and 2.2 V (f). 
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Supplementary Figure 7. DPC-STEM observations of charge-density distribution at the 

LCO/LPSCl interface with the bias voltage of 0 V (a), and in-situ DPC-STEM observations of 

net-charge-density accumulation at the LCO/LPSCl interface with the bias voltage of 1.8 V (b). 
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Supplementary Figure 8. HADDF-STEM images of the LCO/LPSCl (a) and BTO-LCO/LPSCl 

(b) interface, and corresponding EELS line scan of Co and Li at the LCO/LPSCl (c) and 

BTO-LCO/LPSCl (d) interface. 
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Supplementary Figure 9. XRD patterns of the as-prepared 2 at%, 5 at% and 8 at% BTO coated 

LCO cathode materials (LCO: LiCoO2 (PDF#70-2685); BTO: BaTiO3 (PDF#75-0211); BCO: 

BaCO3 (PDF#71-2394)). 
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Supplementary Figure 10. Normalized galvanostatic charge-discharge curves of LCO/In-Li and 

BTO-LCO/In-Li all-solid-state cells at 0.05 C. 
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Supplementary Figure 11. DPC-STEM observations of charge-density distribution at the 

BTO-LCO/LPSCl interface with the bias voltage of 0 V (a), and in-situ DPC-STEM observations 

of net-charge-density accumulation at the BTO-LCO/LPSCl interface with the bias voltage of 1.8 

V (b). 
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Supplementary Figure 12. Current-voltage curves for in-situ solid-state batteries during the 

application of bias voltage using LCO and BTO-LCO cathode, respectively. 
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Supplementary Figure 13. Simulation results of internal electrical field for the LCO/LPSCl (a) 

and BTO-LCO/LPSCl (b) interfaces. 
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Supplementary Figure 14. Initial charge curves (a) and normalized galvanostatic 

charge-discharge curves (b) of LCO, 2 at%, 5 at% and 8 at % BTO coated LCO cathodes for 

ASSLIBs in the voltage range of 2.6−4.3 V at 0.05 C. 
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Supplementary Figure 15. Cycling performance comparison of LCO, 2 at%, 5 at% and 8 at% 

BTO coated LCO cathodes for ASSLIBs in the voltage range of 2.6−4.3 V at 0.2 C.    
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Supplementary Figure 16. XRD pattern of the as-prepared LPSCl (PDF#34-0688) SE powders. 
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Supplementary Figure 17. Nyquist plot of the as-prepared LPSCl SE powders. 
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Supplementary Figure 18. Typical electron energy loss spectroscopy (EELS) spectra in the 

low-loss region of the in-situ solid-state battery. 
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Supplementary Note 1 

The Li-ion conductivity (σ) of LPSCl powders was calculated using the following 

Equations: 

σ = 
d

Re × S
 

where d is the thickness of the LPSCl SE pellet, Re is the bulk resistance of the LPSCl 

SE pellet, S is the bottom area of the LPSCl SE pellet. 

Supplementary Note 2 

The absolute thickness (t) of the in-situ solid-state battery was calculated using 

relative thickness (t/λ), where λ is mean free path obtained using the formula: 

 λ ≈ 
106F(E0/Em）

ln(2βE0/Em)
 

which E0 is incident energy, F is relativity factor (F = 0.618 when E0 = 200 keV), β is 

collect half-angle, Em is average energy loss. λ is about 117.4 nm in LCO. The 

absolute thickness of BTO-LCO and LCO obtained by calculation are 270 nm and 

131 nm, respectively. 
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